This is the third of a series of papers on investigating the non-gravitational effects in the motion of long-period comets. The influence of the non-gravitational effects on the original and future orbital elements, and in particular on reciprocals of semimajor axes is analyzed.The new orbit determinations were performed in a homogenous way using the basic collection of 50 nearly-parabolic comets of first class orbits. The data consist of 23 hypothetically hyperbolic comets (sample I), 8 Oort spike comets (sample II), and 19 'old' comets (sample III). The original and future reciprocals of semimajor axes for each comet were calculated for strictly gravitational case and the non-gravitational case in a fully consistent way. Clear shift of the original reciprocals of semimajor axes toward the more elliptical orbits is demonstrated. The average values of the original and future energy changes due to the non-gravitational acceleration are derived for each of three samples independently. Omission of the NG effects significantly affects the position and width of the Oort spike. The shift of the Oort spike position from the standard 1/aori value of 2-4 ·10
Introduction
More than half century ago Oort (1950) postulated that at distances of tens of thousands AU existed roughly spherical cloud of comets. He has built his famous idea on just 19 well determined cometary orbits. This classical vision of Oort cloud remains still valid on the basis of almost four hundred orbits of nearly-parabolic comets discovered up to now (Marsden and Williams Catalogue of Cometary Orbits, (Marsden & Williams, 2005) , hereafter MW Catalogue)
1 . Almost 30% of long-period (LP) comets have Eori ≡ 1/aori < 10 −4 AU −1 where about one fourth of them have negative Eori. However, recent determinations of the typical Eori gave significantly smaller values than original indicated by Oort. Oort estimated that most of nearly parabolic comets have semimajor axes of about 25-75 thousands AU.
The median semimajor axis of the 109 comets with the first quality orbits and 0 < Eori < 10 −4 AU −1 selected from the MW Catalogue is 27 800 AU where all orbits are strictly gravitational. If all available non-gravitational (NG) orbits of 0 < Eori < 10 −4 AU −1 are used the sample increases to 120 comets and the median semimajor axis declines to 26 000 AU. This result strongly suggests that taking the NG effects into account may reduce the Oort Cloud distance from the Sun significantly below 50 000 AU.
In the above estimates the comets with a negative value of the binding energy were excluded. These objects could be interstellar intruders passing through the inner solar system. However, the modern estimates of the expected rate for extrasolar comet detection give at most a few on average every 450 yrs (Sen & Rana, 1993; Hughes, 1991) . Thus the majority of 'hiperbolic' comets have to have local origin. This discrepancy between observations and theoretical expectations disappears when the NG effects are included for orbit determination 1978) , Królikowska (2001) (Paper I) (2004) (Paper II) ). It is due to a fact, that NG forces make 'hiperbolic' and elliptical osculating orbits on the average less eccentric than in the case of purely gravitational motion. Consequently, omission of the NG effects may significantly affect the position and width of the Oort spike. It means also that the apparent inner edge of the Oort cloud should be shifted towards the more positive 1/aori. In the present paper I try to give quantitative estimates for the magnitude of these shifts.
In Paper I the sample of 33 comets with negative value of reciprocals of original semimajor axis were analyzed and for 16 of them the NG-effects could be determined. It was shown that for 14 of these 16 comets the incoming barycentric orbits changed from hyperbolic to ecliptic when the NG effects were included. In sections 2 and 3 of the present paper the analysis of the NG effects for the almost complete sample of comets that have the catalogue 142+7 value 2 of 1/aori < 10 −5 AU −1 is performed. For those comets the term 'dynamically new' (in short 'new') is applied, while comets with 10
−5 AU −1 < 1/aori < 10 −4 AU −1 are defined as the 'Oort spike' comets. This differentiation between 'new' and 'Oort spike' comets, however, does not imply that the Oort spike comets cannot be dynamically new objects. In fact, simulations by Dybczynski (2005) have shown that the value of 4 · 10 −5 AU −1 suggested previously by is the most appropriate for definition of dynamically new comets. In Section 4 two other samples of LP comets with NG effects have been constructed. The first sample contains comets with the catalogue orbit inside the Oort spike (8 objects), the second -comets with catalogue 1/aori > 10 −4 AU −1 (19 objects). It is important to stress that the NG effects were derived simultaneously with osculating orbital elements from the positional data taken near perihelion passage and were then consistently applied to determine the original/future orbits and original/future reciprocals of semimajor axis. The variations of the original and future energy due to the NG effects are widely discussed in Section 6, where the average values of differences between the original orbital energies derived from NG orbit and strictly gravitational orbit, ∆Eori = 1/aori,NG − 1/aori,GR, were determined separately for all three basic samples. These average values of ∆Eori allow to correct the observed Oort spike for the NG-effects (section 7). Modern simulations of the Oort Cloud evolution predict that the observed sample of new comets that reach the inner solar system is biased to objects with the semimajor axes greater than 20 000-30 000 AU because of the 'Jupiter barrier'. New comets must have decreased their perihelion distances from more than 10 AU to less than 3 AU in one orbital period. Otherwise, they had a chance to encounter Jupiter and/or Saturn during their earlier evolution, which would remove them from the Oort spike. Heisler (1990) has derived that the binding energies of Oort spike comets are peaked at Eori = 3.5 · 10 −5 AU −1 (a ∼ 29 000 AU), assuming a local density of 0.185 M⊙/pc 3 . Taking currently accepted value of 0.1 M⊙/pc 3 for local density, Levison et al. (2001) argued that the maximum should be rather at ∼ 34 000 AU, whereas the inner edge of the outer Oort cloud -at ∼28 000 AU. Thus, one should notice some discrepancy between the theoretical predictions and apparent inner edge at 20 000 AU. However, both the theoretical calculations and orbit determinations do not include the NG-effects. Hence it is open question if this discrepancy is real (Rickman, 2004) .
Sample of hypothetic 'hyperbolic' comets
The MW Catalogue contains 404 'single-apparitions' nearly-parabolic comets of the first and second quality orbits in the MW Catalogue with aphelion greater than 250 AU. Among them 29 comets have the NG orbits, and these objects are analyzed separately.
To calculate the original and future reciprocals of the semimajor axes, each of 375 (404 − 29) comets were followed from their position at a given epoch backwards (incoming orbit before entry into the planetary system) and forwards (outgoing orbit after planetary perturbations) until the comet reached a distance of 250 AU from the Sun. The equations of motion have been integrated in barycentric coordinates using the recurrent power series method (Sitarski (1989; ) taking into account the perturbations by all nine planets. All the numerical calculations presented here are based on the Warsaw ephemeris DE405/WAW, i.e. the numerical Solar System ephemeris consistent to high accuracy with the JPL ephemeris DE405 (Sitarski, 2002) .
The sample of 44 comets with original value of energy E0 ≡ 1/aori < 10 −5 AU −1 was extracted from the 375 sets of the orbital elements taken from the MW Catalogue (2005) . The derived values of 1/aori were generally very similar to those given in the MW Catalogue. However, three comets in part (i) of Figure 1: Distributions of cometary energies, Eori ≡ 1/aori (top panel), and E fut ≡ 1/a fut (middle panel), δE ≡ 1/a f ut − 1/aori (bottom panel). The filled histograms show the respective energy distributions derived for strictly gravitational orbits for all of the investigated comets (50 objects from all three samples: I+II+III; Table 1 ). The shaded histogram drawn in the top panel represents the 11 comets with Eori < 10 −5 AU −1 , where the NG-effects were indeterminable (part (i) of Table 6 ; sample AA). The solid line histograms represent global distributions of all comets with first quality orbits and aphelions Q > 250 AU taken from MW Catalogue (sample A+B, Table 1) Among these 44 objects, one is the secondary component of the splitting event (C/1996 J1A). It is obvious that original orbits, in particular the value of 1/aori, would be unreliable for this fragment. The leading component of this splitting is included (part (i) of Tables 6). The observations for the three comets (C/1849 G2, C/1906 B1, C/1959 O1) were not available. Four recently discovered comets (C/2003 T3, C/2005 B1, C/2005 G1 and C/2005 K1) are still potentially observable and were not taken into account. The resulting sample of 36 comets was supplemented by eleven comets with NG-orbits in the MW Catalogue for which 1/aori < 10 −5 AU −1 were obtained for strictly gravitational orbits determined directly from observations. Thus, the new orbit determination was performed for 47 objects of the sample of 'dynamically new' comets, where 34 have the first class orbits. Seven comets in this sample (C/1959 Y1, C/1986 P1A, C/1990 K1 C/1993 A1, C/1995 Y1, C/1996 E1, C/1998 P1) were previously analyzed in Paper II and their osculating orbits for strictly gravitational model and standard NG-model presented there are incorporated into the present data. Of the remaining 40 objects, 27 comets have been investigated in Paper I. In the present paper for eight of them the observational material has been significantly extended. I additionally collected all observations available in the literature for six comets that were discovered at the end of XIXth century. For the eight comets observed during the period 1900-1950 the analysis was based using the data collected in Warsaw in cooperation with the Slovakian group at the Astronomical Institute from Bratislava and Tatranska Lomnica. Generally, the positional data used for the orbit determination in the present work are more complete than the data described in the MW Catalogue. The observational arcs and number of observations taken for the strictly gravitational and NG orbital fitting to the positional data are collected in Table 6 (parts (i) and (ii)) for all the comets with the first class orbits (34 objects) as well as for six comets with the second class orbits and with determinable NG effects (6 objects). Seven comets with the second class orbits have indeterminable NG effects and these objects are not presented in Table6.
The original and future reciprocals of semimajor axis obtained from the new orbit determinations of these 40 'new' comets are given in parts (i) and (ii) of Table 6 (columns 7-10) The basic sample I was constructed from the 'new' comets having first quality orbits and the detectable NG effects (column 6 of Table 6 ). Table 6 . The dotted curves represent the 10 −3 , 10 −4 , 10 −5 of the solar gravitational acceleration F⊙(r), respectively, while the solid curve shows the mean value of FNG,max derived from the sample I+II+III First, the observational material for several comets is more complete than in Paper I. Second, I have applied the different selection procedure that was successfully verified using the long-period comets with NG-effects (Paper II), where the pre-perihelion and post-perihelion observations were selected separately.
This new approach and larger observational data have allowed to determine the NG-effects for six comets listed in Paper I among objects with the indeterminable NG-effects (C/1899 E1, C/1952 W1, C/1892 Q1, C/1996 J1B, C/1997 BA6, C/1997 J2). Moreover, residuals for another six comets investigated also in Paper I are greater than those given there. In all cases the new selection procedure removes smaller sets of positional observations in rectascension or/and in declination than the method applied in Paper I.
Finally, the present numerical calculations are based on the Solar System ephemeris DE405/WAW, whereas the results given in Paper I were based on the older one. For more detailed discussion see Paper II.
Two other samples of comets with detectable NG effects
I have constructed two another samples of comets with the detectable NG-effects and the first quality orbits: Oort spike comets (10 −5 AU −1 < Eori < 10 −4 AU −1 ; 8 objects) and 'old' comets (Eori > 10 −4 AU −1 ; 19 comets). The observational material of both samples and the original and future reciprocals of semimajor axis are given in Table 6 . In the present calculations I have also used the positional data, the NG solutions as well as the original and future orbits for 12 of 19 LP comets given in the Paper II (see Table 1 and 2 therein).
Three samples of comets with the detectable NG effects are described in Table 1 , whereas the distributions of 1/aori, 1/a fut and ∆E = 1/a fut − 1/aori are shown in Fig. 1 .
Non-gravitational effects of cometary outgassing
The detailed discussion on modeling of the NG effects in LP comets was given in Paper II. Since one of the objectives of present investigation is to construct the samples of homogeneously derived NG orbits, the standard function g(r) proposed by was adopted here for all the comets except comet C/1959 Y1 Burnham, for which it is evident that the asymmetric function g(r(t − τ )) much better represents the comet NG motion (Paper II). Thus, the three NG parameters A1, A2 and A3 were derived simultaneously with six orbital elements from the orbital motion of each comet by assuming that the NG acceleration is given by equation
Ai = const where i = 1, 2, 3 refer to the radial, transverse and normal components, respectively. The investigated cometary samples I+II+III taken together contain 50 comets with determinable NG effects. It is well known that the actual amplitude of the NG forces is typically at least 10 times greater for LP comets than for the short period comets. Using the sample of 23 short-period comets and 7 LP comets, have obtained that the actual magnitude of the NG forces is typically about 10 −5 times the solar attraction at 1 AU for the short-period comets and (1-2)·10 −4 of the solar attraction for the LP comets. In Paper II the average value of FNG,max/F⊙ = 1.5 · 10 −4 was derived for the sample of 19 LP comets containing 7 comets with E0 < 10
and 12 comets with E0 > 10 −4 AU −1 . The results for investigated LP comets are given in column 3 of Table 2 . The maxima of NG forces, FNG,max, as a function of the perihelion distance, q, are shown in Fig. 2 . The average value of the NG forces estimated from the whole sample of 50 comets FNG,max/F⊙ = 7.6 · 10 −5 , thus it is almost two times lower than previously derived in Paper II (using the sample of 19 LP comets).
Variations of original and future energy due to NG effects
Variations of the original energy, ∆Eori = 1/aori,NG − 1/aori,GR, as a function of 1/aori,GR and as a function of ∆qori = qori,NG − qori,GR are displayed in −6 AU. Thus, it is evident that nearly parabolic comets have systematically smaller qori and more positive Eori due to the NG-forces. The respective relations for the future orbits between energy and perihelion changes, and energy and energy variations are shown in Fig 5. The range of ∆E fut is similar to the incoming orbits (−160 · 10 −6 AU −1 < ∆E fut < +600 · 10 −6 AU −1 ) and the systematic trend to more elliptical Table 2 : Two models derived for modification of Eori = aori −1 due to the NG effects. Model M1 is based on the median values of ∆Eori = Eori,NG − Eori,GR and median values of ∆E fut = E fut,NG − E fut,GR (columns 4-5), whereas Model M2 -on the average values of ∆Eori , and ∆E fut , (columns 6-7). The asterisk * denotes that two comets (C/1991 T2, C/2003 T4) with extremely large ∆E fut value of about 600 · 10 −6 AU −1 were excluded. The ranges of ∆Eori and ∆E fut are shown in columns 8 and 9, respectively. In column 3 the mean values of the NG-effects in perihelions, FNG,max/F⊙ , are given. future NG-orbits is also clearly visible. Within the whole sample of 50 comets only eight have E fut < 0, however six of them are new comets (about 25% of sample I) and remaining two are Oort spike comets.
Deviations from the solid line given in the bottom panel of Fig. 6 show how strongly the NG-effects change the cumulative planetary perturbations during the comet's passage through the solar system. The values of these deviations are mostly inside the range −300 · 10
, except three comets with labels in the bottom panel of Fig. 6 . The mean value of | (E fut −Eori)NG −(E fut −Eori)GR | is equal to 107·10
−6 AU −1 . Since the orbital periods of LP comets are much longer than those of perturbing planets it is usually assumed that LP comets are subjected to random change of energy during their passage through the solar system. Thus the Gaussian distribution adequately describes the δE = E fut − Eori distribution. The standard deviation, σ, calculated from the best fitted Gaussian distribution of δE to the first quality orbits is 517 · 10 −6 AU −1
(sample A+B; Table 1 ) and is 624 · 10 −6 AU −1 for the first and second quality orbits (375 comets). Both values are smaller than the adopted value of σ = 666 · 10 −6 AU −1 given by Yabushita (1979) on the basis of various q values published earlier. Summarizing, the average error of approximately 20% in the value of planetary perturbations should be expected for individual comet due to omission the NG-effects.
In Table 2 the median and mean values of ∆Eori and ∆E fut are given for three basic samples of LP-comets. One can see that the median values (Model M1 in the table) as well as the mean values (Model M2) are greatest for the new comets (sample I), as compared to the 'Oort spike' and the 'old' comets (samples II and III). The mean values are systematically greater than the median values. Since ∆Eori as well as ∆E fut have significant scatter the median values seem to be more representative than the mean values for the typical variations of ∆Eori and ∆E fut due to NG-effects. The same is true for ∆qori discussed above. Corrections of ∆Eori given in the Table 2 were applied to all new+Oort spike comets in the section 7 according to Model M1 based on the median values as well as Model M2 based on the mean values. Fig 4 shows the sparse distribution of the original energy variation, ∆Eori in function of perihelion distance q (top panel) and similar behaviour of ∆qori versus q (bottom panel). The analogical spread distributions were noticed also for the future energy variations and future perihelion changes in function of q.
Though the analysis of the mean and median values of ∆Eori are given for comets with the first class quality orbits, it is interesting to mention that among the 'new' comets with the second class quality orbits two objects, C/1975 X1 Sato and C/1955 O1 Honda, have very large values of ∆Eori, far outside the interval given in Fig. 3 . Both comets have very large 1/aori > 1000 · 10 −6 AU −1 for the NG orbit in comparison to their negative value of strictly gravitational 1/aori. It is interesting that both comets belong to a group of three objects (all with the second quality class orbits) with the most negative 1/aori,GR (less than −500·10
−6 AU −1 ) ( Table 6 ). In a consequence their ∆Eori are also extremely large, namely ∆Eori ≃ 1860 · 10 −6 AU −1 for C/1975 X1 and ∆Eori ≃ 2480 · 10 −6 AU −1 for C/1955 O1, whereas the values of ∆Eori of the 50 comets with the first quality orbits are between −290 and +500 in units of ·10
−6 AU −1 (Fig. 3) . Comet 1955 O1 Honda is additionally peculiar since its two distinct nuclei were reported by Roemer (1955) and by van Biesbroeck (1957) . Based on their observations Sekanina (1979) concluded that this comet must have broken up at a large heliocentric distance long before its discovery. The second comet, C/1975 X1 Sato, with the largest negative 1/aori,GR, is also peculiar due to its very small total absolute magnitude (H10 ≤ 10) (Marsden, 1970) that placed this object among the intrinsically faintest LP comets. However both comets have quite ordinary NG accelerations. Table 3 ). Crosses in the top panel represent the mean values of Eori for the sample of 131 comets of Eori < 10 −4 AU −1 (sample A, Table 1 ) divided into 13 bins (Table 4) , whereas the black dots show the same quantities for the sample of 137 comets (sample AA, Table 4) 6.1 Variations of the original semimajor axes with perihelion distance have shown that the mean of 1/aori of 'new' comets tend to be negative at small perihelion distance. They examined the sample of 61 class I comets (i.e. comets with well-determined orbits), and concluded that presumably this is due to the influence of the NG effects.
Here, I examine this problem on the basis of 56 comets with the detectable NG effects. To determine the average values of the reciprocals of the original semimajor axes, Eori,NG = 1/aori,NG and Eori,GR = 1/aori,GR, the two subgroups were constructed, first consists of objects with 1/aori < 10 −4 AU −1 (sample I+II) and second -objects with 1/aori > 10 −4 AU −1 (sample III). The sample I+II was divided onto three subgroups containing 5 comets (q < 0.5 AU), 10 comets (0.5 AU < q < 1.0 AU) and 16 comets (q > 1.0 AU), respectively. Sample III of 'old' comets contains only one object of q < 0.5 AU. So it was practical to divide this sample on two subgroups only, with q < 1.0 AU (12 objects) and q > 1.0 AU (7 objects), respectively.
The average values of the original energy, Eori,NG and Eori,GR for comets divided according to their q values are given in Table 3 , whereas the top panel of Fig. 7 shows these average values versus the average 1/qori. These values based on the samples of comets with the detectable NG effects could be compared with the complete sample of 131 comets of Eori < 10 −4 AU −1 extracted from the MW Catalogue. Table 4 gives the average values of Eori,GR for 13 overlapping groups of the sample A, and the crosses in the top panel of Fig. 7 show their distribution vs. reciprocals of q.
The impact of the NG effects on the Eori of comets in the sample A is now assessed. First, the NG orbits derived for 31 comets of sample I+II were inserted instead of the strictly gravitational orbits taken from the MW Catalogue. Next, 11 gravitational first class orbits of comets with the indeterminable NG effects were taken instead the catalogue orbits. Thus, the new orbits were implemented for 42 comets, where 13 of them belonged to the comets outside the sample A (originally the comets having NG orbits in the MW Catalogue were ejected from the sample A). On the other hand, seven comets belonging to the sample A have NG orbits with Eori,NG greater then 10 −4 AU −1 . Finally, the new corrected sample of comets with Eori < 10 −4 AU −1 (designed as the sample AA; Table 1 ) contains 137 objects, including 27 with the NG orbits. The average values of Eori for thirteen overlapping groups of this sample are given in the column 6 of Table 4 , and are shown as black dots at the top panel of Fig. 7 . One can see that, the average values of Eori have smaller dispersion than the respective values in the sample A. These dots could be compared to the open triangles inside the same q ranges. Among the sample I+II 74% of objects have Eori,GR < 10 −5 AU −1 , whereas the sample AA includes less than 25% of such comets. In a consequence, the triangles are situated below the respective dots. The behaviour of Eori as a function of 1/qori differs from the linear relation derived for 61 comets of class I by .
It is clearly visible that the average Eori in the 1/q intervals for q < 1.5 AU are systematically smaller than for q > 1.5 AU. The original energies Eori for the low q orbits cluster around +5 · 10 −6 AU −1 , while the large q orbits concentrate around +34 · 10 −6 AU −1 (Table 4 , Fig. 7) . The difference of ∼ 40 · 10 −6 AU −1 between Eori for these two intervals of q is smaller than the mean changes of the original energy between the NG-orbit and strictly gravitational orbit ∆Eori represented by open circles and solid horizontal line in the bottom panel of Fig. 7 . Thus the tendency of the negative mean value of Eori at small q for the sample of the 'new' and Oort spike comets (sample AA) would be canceled by the correct modification of known gravitational orbit due to NG-forces.
The Oort spike modification due to NG force
The sample AA of 137 comets contains 27 NG-orbits. Among the remaining 110 objects, 53 comets have perihelion distance q > 3.1 AU. This value of q was assumed as the limiting distance for activity of the NG forces. Thus, for 68 comets with strictly gravitational orbits and q < 3.1AU the 1/a-corrections given in the Table 3 according to Model M1 and Model M2 were applied. The resulting distributions of Eori are given in the middle and bottom panel of Fig. 8, respectively. I first discuss the model M2 based on mean values of ∆Eori that gives greater corrections to the original semimajor axes. The Oort spike in the model M2 splits in two populations. This is because the 1/a-corrections have been applied only for q < 3.1 AU. The left peak is centered around the value of Eori ∼ 3 − 4 · 10 −5 AU −1 , slightly to the right from the old position of the observed Oort spike for strictly gravitational original energy. The newly formed right maximum peaks around the value Eori ∼ 9 · 10 −5 AU −1 . The first is formed mostly by LP comets with great perihelion distances, whereas the latter -by comets with q below 3.1 AU. Almost 60 % of comets with q > 3.1 AU have the original energy in the range 0 < Eori < 7 · 10 −5 AU −1 , whereas only 5 % of comets with q > 3.1AU are in the range 7 · 10 −5 AU −1 < Eori < 12 · 10 −4 AU −1 (see the inset in the bottom panel of Fig. 8 ). This double-peaked distribution for comets with Eori < 10 −4 AU −1 seems very attractive for theoretical modeling of long-term dynamical evolution of nearly parabolic comets.
Probably more realistic and more conservative seems Model M1 based on the median values of ∆Eori. In this model the Oort spike is transformed into significantly more spread and less peaked distribution that is well represented by a gaussian distribution with the maximum at Eori = 5.5 · 10
−5 AU −1 and σ = 3.8 · 10 −5 AU −1 . Though the whole sample exhibits the normal distribution of Eori, some traces of two populations are revealed when distributions of 1/a are plotted separately for comets with small and large q. Similarly to Model M2, also Fig. 8 where all the comets of sample AA were corrected for the NG-effects according to Model M1 and Model M2, respectively. here the comets with large q dominate on the left-half of the range 0 < Eori < 10 −4 AU −1 , while the comets with small q are grouped mostly in the right-half of the same range. Inset given in the middle panel of Fig. 8 shows the respective histograms for q < 3.1 AU (thick solid line) and q > 3.1 AU (thin solid line).
Modifications of the Oort spike generated by the improved 1/a-corrections applied to all the comets are presented in the Fig. 9 . The Oort spike is now shifted towards more positive energies than in the Fig. 8 . The mean value of Eori for the Oort spike is now centered roughly on Eori ≃ 7−8·10
−5 AU −1 (middle panel) for the median corrections and Eori ≃ 9 − 10 · 10 −5 AU −1 for the mean corrections (bottom panel).
Perihelion distance distributions of dynamically new and old comets
The problem of the actual perihelion distributions of the LP comets is complex due to various observational biases. The most severe effects are present in the old samples of LP comets because the data are highly incomplete beyond 1.5-2.5 AU. Recently, Hughes (2001) has shown that old discoveries of the LP comets (before ∼1900) give a maximum around 0.8 AU. He derived that the maximum shifts to ∼ 1 AU for comets discovered between 1987-1946, whereas the distribution of the LP comets detected after 1950 is significantly broader and peaks between 1-2 AU. He also concluded that modern cometary catalogues of the LP comets are still incomplete beyond 2.5 AU. To derive the true perihelion distribution for the active LP comets at large q it is necessary to introduce the corrections for the observational bias in the comet discoveries. At present such corrections are not available and the distributions discussed here are also subject to this bias. The upper panel in Fig. 10 shows the observed perihelion distributions of the 'old' comets of class 1 (sample BB, solid line histogram) and class 1+2 (dotted line histogram), separately. The observed perihelion distributions of 'new' + Oort spike comets (sample AA without hyperbolic comets) is presented in the bottom panel of Fig. 10 . One can see the significant differences between both histograms of comets with the first class orbit. It is wellknown that the perihelion distribution of the LP comets has a maximum near q ≈ 1 AU, This also results from the observational selection. The theoretical modeling of the cometary dynamics suggests that the actual number of comets per unit perihelion distance increases with increasing q (Weissman, 1985) . However, probability of the comet detection diminishes with the increasing distance from the Sun and Earth. In effect, the observed distribution of the LP comets is peaked near q = 1 AU from the Sun. The distribution of the 'old' LP comets (class 1+2, dotted line histogram in the top panel of Fig. 10 ) reflects exactly the same effect.
In contrast to the 'old' LP comets, the perihelion distributions of the 'new' and Oort spike comets with 0 < Eori < 1 · 10 −4 AU −1 are quite different (thick-line histogram in the bottom panel of Fig. 10 ). The numbers of objects in the consecutive perihelion distance bins are 19 (0-1 AU), 29 (1-2 AU), 11 (2-3 AU), 20 (3-4 AU), 15 (4-5 AU), and 25 for q > 5 AU (21%). This gives 50% of objects with perihelions inside sphere of 3 AU for the new and Oort spike comets, while fraction of the 'old' comets with q < 3 AU reaches 76%. A relative excess of the 'new' and Oort spike comets with the large perihelion distance over the 'old' comets result -at least to some extentfrom the efficient processes of the gradual decline of activity during the cometary evolutions. It is well known that to obtain the agreement between the observed distribution of original cometary energy and the expected one by theory some fading model must be assumed (Weissman, 1980; Bailey, 1984; Wiegert & Tremaine, 1999) . However, such modeling of fading is complicated by a fact that dynamically new comets are often anomalously bright at large perihelion distances (especially on the inbound leg of their orbits), probably due to sublimation of more volatile ices than water (and possibly larger sizes of the cometary nuclei). The observed q distribution of the 'new' and Oort spike comets (thick-line histogram in the bottom panel of Fig. 10 ) could be represented either by a single-peaked distribution with broad maximum somewhere between 1-4 AU or by double-peaked distribution consisting of two populations, where the left-hand peak has the same interpretation as in the case of the entire sample of 'LP' comets. These comets sublimate mostly the water ice. A merged sample of hyperbolic comets (shaded histogram in the bottom panel of Fig. 10 ) and the 'new' and Oort spike comets (thick line histogram) has a broad main maximum centered at 1 AU. Nevertheless, the local maximum for perihelions greater than 3 AU or local minimum within 1.75 AU < q < 3.00 AU is still perceptible. Orbits within this local minimum are mostly retrograde and this fact will be discussed in the next section.
9 Distributions of prograde and retrograde orbits Fernandez (2002) divided the observed population of the LP comets into 8 subgroups according to the original orbital energy Eori. He found that distributions of Oort spike comets with 23.8 · 10
−6 AU −1 < Eori < 100 · 10 −6 AU −1
(three groups) show excess of the retrograde orbits, while the remaining groups show a weak excess of direct orbits. He argued that this excess of retrograde orbits is connected with the higher probability of diffusing through the Jupiter-Saturn barrier for comets in the retrograde orbits than for comets in the direct orbits. I have performed a similar analysis for the corrected global samples AA and BB dividing the first of them into two subgroups and the second -into 3 subgroups. Within two subgroups of the 'new' + Oort spike comets no excess has been obtained. The whole sample AA contains almost the same number of comets on direct orbits (71 objects) as on retrograde orbits (65 objects). A small excess of retrograde orbits was obtained for the sample of all the 'old' comets (sample BB): 82 of 149 move on retrograde orbits. However, among three subgroups of the 'old' comets only one of them, defined by 100 · 10 −6 AU −1 < Eori < 500 · 10 −6 AU −1 , shows statistically significant excess of the retrograde orbits (34 comets) in comparison to the direct orbits (12 comets). This sub-sample corresponds to the sub-sample 'e' constructed by Fernandez (2002) , for which the most prominent excess of retrograde orbits is visible in the Fig. 1 of his paper. Very similar results were derived when the sample of 286 comets with the first class orbits (sample AA+BB) were supplemented by 113 comets with the second class orbits. Then, like previously, among five sub-samples only this define by 100 · 10 −6 AU −1 < Eori < 500 · 10 −6 AU −1 , shows statistically significant excess of the retrograde orbits (41 comets) in comparison to the direct orbits (16 comets).
The significant excess of the retrograde orbits was also found for the LP comets having 1.75 AU < q < 3.00 AU. Table 5 shows that such excess is evident in both corrected samples of LP comets. However, among the 'new' and Oort spike comets (sample AA) the number of the retrograde orbits exceeds four times the number of the direct orbits, whereas within the old comets -the excess amounts to 50%. One should note, that among ten dynamically new comets having perihelions between 1.75 AU and 2.25 AU all move on the retrograde orbits. In the q range of 1.75 AU < q < 3.00 AU the local deficiency of the 'new' + Oort spike comets is observed (see Fig. 10 ), while the perihelion distribution of the 'old' comets has local maximum at 2.25 AU < q < 2.75 AU. It seems that some mechanism prevents the 'new' and Oort spike comets entering the solar system on the direct orbits to reach this range of the perihelion distances. Apparently this bias does not affect strongly the retrograde orbits. It is likely that the 'old' comets are also subject to the same mechanism.
Summary and concluding remarks
In the present study the NG effects are derived for 50 LP comets, where 31 of them have Eori,GR < 10 −4 AU −1 . It was confirmed that NG forces make 'hiperbolic' and elliptical osculating orbits less eccentric than by assuming purely gravitational motion. Such number of comets with the detectable NG effects allow us to give some estimates of the average value of ∆Eori = 1/aori,NG −1/aori,GR for three subsamples of the LP comets. Due to large dispersion of the ∆Eori distributions (within each subsample) the median values of ∆Eori seem to represent more adequately typical corrections for Eori,GR of the LP comets with the non-detectable NG effects.
Applying these corrections for the all LP comets, the estimates of the Oort spike shift from its classical position (i.e. position derived on the basis of pure gravitational model of comet's motion) have been obtained.
Unfortunately, the available data warrant only simplified type of models of the 1/a corrections. In the first type it was assumed that the NG effect are present only for q < 3.1 AU (Fig. 8) , while in the second type no upper limit for q was imposed (Fig. 9) . Although one could expect smooth decline of the NG effects with the increase of the perihelion distance, no such relationship is implied by the observational data. In particular it is not present in the our basic sample of 50 comets (the bottom panel in Fig. 7 and section 6.1). On the other hand, the active comets at large perihelion distances have been observed (e.g. C/2004 T3 Siding Spring with q = 8.9 AU, C/2000 A1 Montani with q = 9.7 AU, and C/2003 A2 Gleason with q = 11.4 AU). In such cases another formula for the NG acceleration due to sublimation of more volatile ices is necessary. Such modeling of the NG effects in the LP comets with large perihelion distance based on Yabushita CO-function (Yabushita, 1996) was performed in Paper II. However, no reliable NG effects have been found for comets with the perihelion distance greater than 3.5 AU.
Using the model of the NG effects limited to comets with q ≤ 3.1 AU, the Oort spike is transformed into significantly more spread and less peaked distribution with the maximum at Eori,NG = 5.5 · 10 −5 AU −1 , whereas if no upper limit on q is imposed the Oort spike peaks near Eori,NG ≃ 8.5 · 10 −5 AU −1 (middle panels of Figs. 8 and 9 ). Assuming conservatively Eori,NG = 5.5 · 10 −5 AU −1 the outer Oort Cloud distance from the Sun is approximately 37 000 AU. Consequently the inner edge of the Oort Cloud is situated at a distance significantly smaller than the 'classical' 20 000 AU assumed in the literature. The middle panel of Fig. 8 suggests that this inner edge could be less spectacular than in the classical point of view, i.e. in the strictly gravitational case (top panel of Fig. 8) .
On the other hand, the theoretical simulations predict that the energies of new comets should peak near Eori ≈ 2.9 · 10 −5 AU −1 , i.e. at a semimajor axis of about 34 000 AU for the currently accepted value of a local mass density of 0.1 M⊙/pc 3 (Levison et al., 2001) . Assuming that Sun formed in a denser galactic environment than it occupies now, it is possible to obtained the Oort Cloud bound more tightly (Eggers, 1999; Fernandez, 2002) . For example, taking an initial local density of 100 times greater than the current local density, and assuming that the early Sun spent in such environment first 20 m.y. yrs, Eggers (1999) modeled the Oort cloud formation. She has found that the tightly bound cloud of comets might have been formed at a heliocentric distance of about 6-7 thousand AU.
It is obvious that such significant reduction of the Oort cloud distance as postulated in the present paper has a deep consequences in many aspects of theoretical modeling of the Oort Cloud formation as well as simulations of a long-term evolution of the Oort Cloud comets, and cometary fading and disruption. In the last decades, all these three blocks of issues have been intensively explored (see reviews by Dones et al. (2004), and Rickman (2004) ). However, evolutionary correlations between the observed cometary populations and their reservoirs are still incomplete and are inconsistent in many aspects (Emel'yanenko & Bailey, 1998; Nurmi et al., 2002; Rickman, 2005) One of the most important problems raised by the recent simulations (Levison et al., 2001; Duncan et al., 1987; Dones et al., 2004) are correlations between the outer and inner Oort Cloud populations and their characteristics. Still more realistic simulations are needed. Table 6 : Original and future reciprocals of semimajor axes derived in the present investigations for the sample of comets with 1/aori (obtained using the catalogue orbits): below 10 −5 AU (part (i) & (ii) of this table), 10 −5 AU < 1/aori < 10 −4 AU (part (iii)), and 1/aori > 10 −4 AU (part (iv)) In the columns 2-6 the perihelion distance, the observational arc and number of observations taken for orbit determinations, orbit's quality class and the sample designation are given. Remarks in the last column denote: pp -present paper; PIgr -only strictly gravitational model in Paper I; PIdif -different selection than in Paper I; PImore -more observations than in Paper I; PaperI, PaperII -solutions taken from Paper I and Paper II, respectively. 
